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METHOD AND SYSTEM FOR MEASUREMENT 
OF ROAD PROFILE 

The present invention relates to systems and methods 
for measurement of surface pro?le, and more particu 
larly to a system and method for measuring the pro?le 
of a vehicle travel surface such as a road or runway. Yet 
more speci?cally, the invention relates to improvements 
in the systems disclosed and claimed in US. Pat. Nos. 
3,266,302 and 4,422,322. 
The term “road” is used herein in a generic sense to 

include highways, streets and the like commonly trav 
elled by automotive vehicles, runways and other sur 
faces used by aircraft for take-off and landing, railways, 
and any other type of surface over which a vehicle may 
travel. The term “slope” is likewise employed in a ge 
neric sense to encompass both “cross-slope” of a road 
surface laterally of vehicle direction, “grade” of a road 
surface longitudinally of vehicle direction, and the com 
bination thereof. 

BACKGROUND OF THE INVENTION 

In accordance with the teachings of U.S. Pat. No. 
3,266,302, a measurement vehicle is propelled over a 
road surface, and surface pro?le (W) is measured as a 
conjoint function of displacement of the vehicle suspen 
sion system (W ~Y) and the twice-integrated output (Y) 
of an accelerometer carried by the vehicle. The dis 
closed system is described as effecting pro?le measure 
ment with respect to a plane of reference, de?ned by 
inertia of the vehicle, over a total frequency range of 
road surface undulations determined at lower frequen 
cies by accelerometer response characteristics and at 
higher frequencies by the vehicle suspension displace 
ment transducer. However, the signal/noise response 
capabilities of the accelerometer at lower frequencies 
and any steady-state offset in the electrical output of 
both transducers, coupled with the described double 
integration, limit the capabilities of the system to the 
extent disclosed in the referenced patent. 
To overcome the low-frequency response difficulties 

which inhere in the accelerometer/double-integration 
technique, it was proposed in Spangler et al, “A Method 
of Measuring Road Pro?le”, GMR-452, General Mo 
tors Corp. (1964) to subject the accelerometer output to 
a time domain highpass ?lter for attenuating the low 
frequency response prior to time domain double inte 
gration. However, since the spatial frequency content 
of the road pro?le varies in proportion to vehicle veloc 
ity, the provision of the highpass time domain filter 
causes the measured pro?le to vary as a function of 
vehicle speed. This problem was alleviated to some 
extent by providing a highpass ?lter with a step-wise 
variable natural or cutoff frequency thereby to accom 
modate step-wise differing but constant vehicle speeds. 
A further improvement which is prior art to the pres 

ent invention implemented time domain digital process 
ing techniques in place of, but exactly analogous to, the 
analog time domain processing techniques proposed in 
the above-referenced patent and GMR paper. This im 
provement embodied the capacity for user-input of 
desired frequency (or wavelength) measuring capability 
and contemplated vehicle speed. A corresponding high 
pass ?lter natural frequency was computed and applied 
to the accelerometer output in time domain computa 
tion of road pro?le. Although the technique so imple 
mented effectively replaced the earlier step-wise select 
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2 
able ?lter with a continuously variable ?lter, it was still 
necessary to maintain a constant vehicle velocity during 
the measurement process. 
US. Pat. No. 4,422,322 to the inventor herein dis 

closes a system and method which measure road pro?le 
in the spatial domain rather then the time domain. Spe 
ci?cally, a transducer is responsive to rotation of a 
road-contacting wheel for initiating a road pro?le sam 
ple measurement at preselected distance intervals ds 
along the road surface. Pro?le W is then measured in 
accordance with the equation 

W=<W- 10+ Inf/llama (1) 

where the quantity (W --Y) is a measure of displace 
ment of the “sprung inertial vehicle” mass relative to 
the road surface, Y is acceleration of the “vehicle 
sprung inertial” mass normal to the road surface, and V 
is vehicle velocity in the direction of travel. The quan 
tity (Y /V2) is a time-independent measure of spatial 
acceleration of the sprung inertial mass of the measure 
ment vehicle. Thus, the units of all quantities in Equa 
tion (1) are time-independent units of distance. Velocity 
V may be measured at each distance interval using a 
suitable transducer, or may be determined by the equa 
tion 

V=ds/d!, (2) 

where dt is the time required to travel the distance 
interval ds. “ 

Spatial acceleration given by the expression (Y N 2) is 
subjected to a highpass ?ltering operation to attenuate 
any low-frequency and steady-state components of the 
transducer signals. However, the ?lter cutoff fre 
quency, which is in time-independent spatial frequency 
units of radians per unit length, remains constant during 
the measurement cycle (following initialization) and 
produces a road pro?le measurement having the desired 
frequency (wavelength) information content regardless 
of vehicle velocity and/or changes in vehicle velocity. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

Although the system and method disclosed in the 
patent noted in the paragraph immediately preceeding 
have enjoyed substantial commercial acceptance and 
success, some problems remain. Where measuring mul 
tiple parallel road pro?les, for example, independent 
pro?lometers can be mounted on laterally spaced sides 
of a common vehicle. However, the respective pro?le 
measurements remain independent, with no established 
cross-slope relationship therebetween. Therefore, an 
important road surface parameter remains unknown. 
An analogous problem lies in determination of fore/aft 
slope or grade of the road surface. It is a general object 
of the present invention to provide a system and method 
of the type disclosed in the noted United States patents 
for measuring cross-slope and/or grade of the road 
surface. 
A more speci?c object of the invention is to provide 

a system and method of the disclosed character which 
measure spaced pro?les of a road surface and automati 
cally determine slope or grade therebetween. A still 
more speci?c object of the invention is to provide a 
system and method of the described character which 
are adapted to measure and store profile and slope infor 
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mation as hereinabove described substantially indepen 
dently of vehicle velocity. ' 

In accordance with the present invention, spaced 
pro?le measurements are obtained, preferably by 
spaced independent pro?lometers mounted on a com 
mon measurement vehicle. The measurement vehicle 
also carries facility for measuring vehicle acceleration 
due to road slope (i.e. road cross-slope and/or grade), 
and computation circuitry for determining absolute 
difference in elevation between the pro?le measure 
ments. This elevation difference signal may be stored 
separately, divided between the separately stored pro 
?le measurements or added to one of the stored pro?les. 

In the preferred embodiments of the invention herein 
disclosed, the elevation difference between the separate 
pro?les is determined by measuring total vehicle accel 
eration in the slope direction, and subtracting therefrom 
separately measured acceleration in the slope direction 
due to vehicle motion. The difference is acceleration of 
the vehicle in the direction of the slope due solely to 
gravity. For determining cross-slope, the output of a 
yaw transducer is subtracted from the output of a trans 
verse acceleromter to provide a signal indicative of 
laterial vehicle acceleration due solely to a difference in 
laterial slope. For determining fore/aft road grade, 
forward vehicle acceleration is subtracted from the 
output of a longitudinal accelerometer. For small incli 
nations, these acceleration differences approximate 
slope angle in radians. 
As noted in the above-referenced prior art materials, 

the pro?lometer accelerometer outputs are subjected to 
highpass ?ltering to improve frequency response, either 
in the time domain as disclosed in the GMR paper or in 
the spatial domain as disclosed in US. Pat. No. 
4,422,322. In accordance with the present invention, the 
accelerator difference signals due to lateral and/ or lon 
gitudinal slope are subjected to lowpass ?ltering com 
plementary to such highpass ?ltering before being com 

. bined with one or both pro?le measurements. In the 
preferred embodiments of the invention herein dis 

' closed, all measurements are accomplished and stored 
in the spatial domain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with additional objects, fea 
tures and advantages thereof, will be best understood 
from the following description, the appended claims 
and the accompanying drawings in which: 
FIGS. 1 and 2 are block diagrams of a vehicle 

equipped with road pro?lometer apparatus in accor 
dance with one embodiment of the invention; 
FIG. 3 is a functional block diagram of a digital em 

bodiment of the road pro?le computer shown in block 
form in FIGS. 1 and 2; 
FIG. 4 is a computer program ?ow chart of a digital 

embodiment of the road pro?le computer of FIGS. 1 
and 2; 
FIGS. 5A-5D are schematic diagrams useful in ex 

plaining operation of the embodiment of FIGS. 1-3; 
FIG. 6 is a block diagram of a second embodiment of 

the invention; 
FIG. 7 is a functional block diagram of a digital em 

bodiment of the road pro?le computer of FIG. 6; 
FIG. 8 is a computer program flow chart of the road 

pro?lometer computer of FIG. 6; and 
FIG. 9A-9B are schematic diagrams useful in ex 

plaining operation of the embodiment of FIGS. 6-8. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIGS. 1 and 2 illustrate a vehicle 10 equipped with a 
road pro?le measurement apparatus or pro?lometer 12 
in accordance with the invention for measuring road 
pro?le along laterally spaced left and right wheel tracks 
and for measuring cross-slope therebetween. The right 
hand pro?le W R is measured as a distance from an imag 
inary plane 14 de?ned by the inertial element of an 
accelerometer 20R mounted on the sprung vehicle mass 
adjacent to the right rear wheel 21 R. A distance measur 
ing device or transducer 16R is mounted with the accel 
erometer 20R on the sprung mass of vehicle 10 for mea 
suring the distance (W -Y)R to the actual road surface 
18, which distance varies as a function of the vehicle 
suspension system (not shown) as vehicle 10 travels 
over the road surface. Device 16R may take the form of 
a road following wheel and a variable resistor mounted 
on a separate towed vehicle. Ultrasonic, optical and 
other noncontact transducers have also been proposed 
and may be mounted on vehicle 10 per se. 

Accelerometer 20R is mounted with displacement 
transducer 16R and responsive to acceleration of the 
sprung mass of the measurement vehicle in a direction 
perpendicular to inertial reference plane 14 to provide 
the acceleration signal YR. Accelerometer 20 R and dis 
tance transducer 16}; direct their respective outputs to a 
road pro?le computer 22. The output WFR of computer 
22, which indicates pro?le W suitably spatially ?ltered 
to highlight spatial frequency (wavelength) content of 
interest, is fed to a data storage device 24, which may 
comprise a strip chart recorder, magnetic tape recorder, 
etc. A signal L fed to computer 22 indicates maximum 
desired pro?le measurement wavelength preselected by 
the operator. In the preferred embodiments of the in 
vention herein discussed, computer 22 operates exclu 
sively in the spatial domain. Such spatial domain opera 
tion is carried out under control of a train of distance 
pulses S received from a road travel distance measuring 
transducer 26 suitably mounted to one of the vehicle 
wheels so as to provide a pulse S of ?xed time duration 
t in response to travel of the vehicle over a predeter 
mined ?xed distance ds. Transducer 26 may comprise 
electro-optical couplers responsive to a suitably aper 
tured disc for providing pulse S of duration t at a rate 
(l/ds) of twenty per foot (approximately 1.5 pulses per 
centimeter) of travel, for example. In this example, 
therefore, each pulse S indicates a ?xed distance ds of 
0.05 feet (1.524 cm). Time interval between successive 
pulses S will vary with vehicle speed. 
A second accelerometer 20L and a second displace 

ment transducer transducer 16], are mounted above the 
left rear-wheel 211, of vehicle 10 and provide respective 
signals Y1, and (W —Y);, to computer 22. Computer 22 
computes and feeds to storage 24 a left pro?le signal 
WFL. To the extent thus far described, the combination 
of accelerometer 20R, device 16);, computer 22, storage 
24 and transducer 26, and the combination of acceler 
ometer 20L, device 16[,, computer 22, storage 24 and 
transducers 26, are each identical to the invention dis 
closed and claimed in US. Pat. No. 4,422,322. The 
disclosure of such patent is incorporated herein for 
explanation of details of operation, which need not be 
reported. US. Pat. No. 3,266,302 and the GMR paper 
noted above are of interest with respect to background 
theory and operation of road pro?lometry in general, 
and are incorporated herein for that purpose. It will be 
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appreciated that, while computer 22, recorder 24 and 
transducer 26 are shared, left and right pro?les are 
measured and recorded essentially independently to the 
extend thus far described. 

In accordance with the embodiment of the invention 
illustrated in FIGS. 1-2, cross-slope between measured 
and recorded road pro?les WFR, WFL is measured and 
translated into a difference in absolute elevation be 
tween the left and right pro?les. This elevation differ 
ence J (FIG. 2) may be recorded separately at storage 
24, may be divided between the recorded pro?le, or in 
the presently preferred embodiments herein disclosed, 
is simply added to one of the pro?le signals prior to 
recording-speci?cally the left track pro?le WFL. For 
determining such cross-slope and displacement, and 
additional pair of transducers are provided-namely, a 
transverse accelerometer 28 and a yaw rate transducer 
30. Transverse accelerometer 28 provides a signal T to 
computer 22 indicative of transverse acceleration pro 
duced by the force of gravity due to inclination of vehi 
cle 10 plus transverse acceleration resulting from curvi 
linear motion of vehicle 10. Yaw rate transducer 30 
provides a signal w to computer 22 as a measure of the 
angular velocity of accelerometer 28 in an average 
plane parallel to the road surface. 
Computer 22 ?rst computes absolute elevation differ 

ence J as a function of the equation: 

(3) 

where T is transverse distance between left and right 
accelerometers 20]_, 20]; (FIG. 2), and therefore be 
tween left and right pro?les, V is vehicle velocity per 
Equation (2), K1 is a_sca1ing constant to convert trans 
verse acceleration (T —K2"'w* V) into units of trans 
verse angular inclination, K2 is a scaling constant to 
convert the product of yaw rate w and ‘velocity V into 
units of transverse acceleration, and K3 is a constant 
calibrated to set I equal to zero on a known level sur 
face. 
FIG. 3 is a block diagram of computer 22 for deter 

mining left pro?le WFL. (The corresponding diagram 
for profle WFR is preferably the same as that illustrated 
in FIG. 4 of U.S. Pat. No. 4,422,322.) FIG. 3 is similar 
to FIG. 4 of the referenced patent, with the exception of 
?lter network 40. More particularly, the spatial domain 
highpass ?lter of the referenced patent is replaced by a 
combined highpass and lowpass ?lter 40. The pro?le 
signal WFL is thus subjected to spatial domain highpass 
?ltering as in the art, while the offset signal I is sub 
jected to lowpass ?ltering. Filter poles T1, T2, T3 are 
given by the equations: 

T3=(21r/L)3 (6) 

It will be noted that the ?lter poles are common to both 
the highpass and lowpass ?lter sections. Thus, the high 
pass and lowpass ?lters are complementary. 
FIG. 4 is a software ?ow chart for implementing the 

computation of WFL per the block diagram of FIG. 2. 
(The corresponding flow chart for WFR would be iden 
tical to that at FIG. 3 of U.S. Pat. No. 4,422,322.) A 
program in BASIC for implementing the process of 
FIG. 3 is as follows: 
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100 ' START 
110 INPUT L 
120 1:0 
130 I'I=0 
I40 F=Q 
150 D=0 
160 E=O 
I70 P=0 
I80 Ll=0 
190 Ll=Ll+SlS=dS 
200 TI =2'(2‘PI/Ll) 
210 T2=2'(2'PI/LI) “2 
220 T3 = (Z'PI/Ll) "3 
230 ! HAS DISTANCE d5 BEEN TRAVELED? 
240 IF NO THEN 230 
250 IF YES THEN 260 
260 ! READ ACCELERATION (y2) 
270 ! READ DISPLACEMENT (W —Y) 
275 ! READ ELEVATION DIFFERENCE (J) 
280 ! READ ELAPSED TIME (dt) 
290 V=S/T l T=dt 
300 A=Y2/V " 2 
310 I=I—A*S 
320 H=H+Wl‘Tl“S+J'Tl"S 
330 F=F+WI*T2'S+.I‘TZ'S 
340 D=D+WI‘T3'S+J‘T3‘S 
350 E=E+D'S 
360 G=F+E+I 
370 P=P+G'S 
380 Yl =P+H 
390 Wl=W-Y—Yl ! Wl=Wf 
400 IF Ll=L THEN 230 
410 GO TO 190 
420 END 

The signi?cance of lowpass ?ltering elevation differ 
ence signal J, as well as the overall signi?cance of cross 
slope measurement, will become apparent with refer 
ence to FIGS. 5A-5D. In FIG. 5A, both wheels 21L, 
21R are in a horizontal plane, and pro?les WFL and 
WFR are correspondingly ?at. A step input of elevation 
to the left wheel 21L (FIG. 5B), assuming highpass 
?ltering only, initially displaces WFL by the amount I, 
but then returns to the amplitude of WFR after the pas 
sage of time and/or distance. In FIG. 5C, however, the 
signal I is subjected to lowpass ?ltering complementary 
to the high-pass ?ltering of WFL as a whole, and is then 
added thereto, so that the composite or sum WFL illus 
trated in FIG. 5D accurately reflects the step input to 
wheel 21;. 
FIG. 6 illustrates an embodiment 50 of the present 

invention measuring fore/aft slope or grade of a road 
surface. The vehicle 52 has a ?rst distance measuring 
device/accelerometer pair 16R, 20R mounted adjacent 
to the rear wheel 21 R, and a second device/accelerome 
ter pair 16F, 20]: adjacent to the front wheel 21p. Pro? 
lometer computer 22 receives the device signals 
(W —__Y)R, (W —Y)F and the accelerometer signals YR 
and Yp, and provides output to storage 24. Computer 22 
also receives input signals L and_S. A longitudinal ac 
celerometer 54 provides a signal L to compute 22 indic 
ative of the acceleration due to gravity acting on the 
inclined accelerometer plus acceleration resulting from 
changes in vehicle velocity. (It will be appreciated that 
the term “acceleration” includes the negative or “decel 
eration.”) 

Incremental grade M, which is the difference in fore 
/ aft elevation over the unit distance ds, is given by the 
equation: 
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where S is longitudinal distance over which the abso 
lute difference in road pro?le elevation is measured, K4 
is a scaling constant for converting longitudinal acceler 
ation (L-dV/dt) into units of longitudinal angular 
inclination, and K5 a calibration constant to set M equal 
to zero on a known level surface. 
FIG. 7 is a block diagram for adding longitudinal 

elevation difference or grade to the right pro?le signal 
WFR. The identical procedure would be followed for 
WFL. Again, the elevation difference M is subjected to 
lowpass ?ltering in a combined highpass/lowpass ?lter 
60 in complement to highpass ?ltering of Wm. Of 
course, as with cross-slope, elevation difference M 
could be stored separately. FIG. 8 is a ?owchart of 
software corresponding to FIG. 7. A program in 
BASIC for accomplishing this result would be identical 
to that hereinabove, but with “M” substituted for “J”. 

It will be appreciated, of course, that a preferred 
embodiment of the present invention would compute 
both grade M and cross-slope J, and would add both to 
the left rear wheel pro?le WFL. Following is a modi? 
cation to the previous program for accomplishing this 
result, the remainder of the program being as previously 
disclosed: 

FIGS. 9A and 9B illustrate operation of the grade 
measuring aspects of the invention. In FIG. 9A, a step 
grade change input to rear wheel 21R would initially 
produce a corresponding change at pro?le WFR, which 
would thereafter decay to zero with time and/or dis 
tance. However, by adding thereto the lowpass~?ltered 
signal M in FIG. 9B, the rear wheel pro?le WFR is 
stable at the incremented level. 
Although the invention has been described in con 

junction with spatial domain operation, which is pre 
ferred to reasons set forth in U.S. Pat. No. 4,422,322, the 
grade and/or cross slope measurements can also be 
readily performed in the time domain in which the 
earlier disclosures operated-Le. U.S. Pat. No. 
3,266,302 and the GMR paper. 
The measurement of cross-slope provides an absolute 

transverse reference to be used by multiple distance 
measuring devices for measuring distance to the road 
surface (W —Y), which in turn can be used to produce 
measures of transverse roughness, rutting and topogra 
phy. The measurement of road surface rutting and 
transverse topography provides important inputs to the 
road maintenance and road safety decision-making pro 
cess. The measurement of road surface rutting and to 
pography provides the information required to accu 
rately compute pavement maintenance costs. The mea 
surement of road surface rutting and topography, com 
bined with road surface grade, provides the information 
required to evaluate the water drainage capability of the 
measured road surface topography. A road surface 
topography that impedes the drainage of road surface 
water can be a safety hazard by providing the opportu 
nity for water to accumulate in puddles, which can 
cause a hydroplaning condition during a vehicle brak 
ing operation. The measurement of road surface cross 
slope also provides the highway engineer with informa 
tion on the transverse inclination of the road surface, 
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8 
which will allow the correctness of road surface bank 
ing in nontangent (curved) sections of the roadway to 
be evaluated. 
The road grade measuring implementation of this 

disclosure has important applications in the measure~ 
ment of road pavement topography, road geometries 
and overall road survey applications. Pavement grade 
information, and transverse topography of the pave 
ment, can be combined to compute the water drainage 
capability of a measured pavement surface. Pavement 
grade information can also be combined with pavement 
cross-slope information to compute the geometrics of a 
pavement surface and to determine if the pavement 
surface geometrics meet the desired design criteria. 
Pavement grade, cross-slope, curvature and benchmark 
data can be combined to compute road survey data 
which can be used to document the overall geometrics 
of a large pavement inventory. With cross-slope mea 
surement and grade, road pro?le can be related to a line 
through earth-center by application of simple trigono 
metric functions. 
The invention claimed is: 
1. In a method of measuring road surface pro?le 

which includes the steps of providing a vehicle having 
a suspended mass adapted to be propelled over a road 
surface, measuring distance from the suspended mass to 
the road surface as the vehicle is propelled over the 
road surface, determining acceleration of said sus 
pended mass perpendicularly of the road surface as the 
vehicle is propelled over the road surface, and deter 
mining road surface pro?le as a combined function of 
said distance and acceleration, 

the improvement for measuring slope of said road 
surface in a slope direction comprising the steps of 
measuring total acceleration of said vehicle in said 
slope direction, measuring motion acceleration in 
said slope direction due to motion of said vehicle, 
and determining road surface slope in said direc 
tion as a function of a difference between said total 
acceleration and said motion acceleration. 

2. The method set forth in claim 1 wherein said step 
of determining road pro?le includes the step of subject 
ing signals indicative of acceleration of said mass per 
pendicularly of the road surface to highpass ?ltering, 
and wherein said step of determining road surface slope 
includes the step of subjecting signals indicative of said 
difference to lowpass ?ltering complementary to said 
highpass ?ltering. 

3. In a method of measuring road surface pro?le 
which includes the steps of providing a vehicle having 
a suspended mass adapted to be propelled over a road 
surface, measuring distance from the suspended mass to 
the road surface at each of two spaced locations on said 
vehicle as said vehicle is propelled over the road sur 
face, determining acceleration of said suspended mass 
perpendicularly of the road surface at each of said loca 
tions on said vehicle as said vehicle is propelled over the 
road surface, and determining road pro?les at said loca 
tions as respective functions of said distances and accel 
erations, 

the improvement for measuring slope of said road 
surface between said pro?les comprising the steps 
of measuring total acceleration of said vehicle in a 
direction parallel to said road surface, measuring 
motion acceleration of said vehicle in said direction 
parallel to said road surface due solely to motion of 
said vehicle over said road surface, determining 
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acceleration of said vehicle in said direction paral 
lel to said road surface due solely to gravity as a 
function of a difference between said total accelera 
tion and said motion acceleration, and determining 
slope of said road surface between said road pro 
?les as a function of said acceleration difference. 

4. The method set forth in claim 3 comprising the 
additional step of storing signals indicative of said road 
pro?les and said slope. 

5. The method set forth in claim 4 wherein said step 
of determining slope of said road surface pro?les com 
prises the step of determining a difference in elevation 
of said road surface pro?les as a function of said acceler 
ation difference and distance between said locations on 
said vehicle. 

6. The method set forth in claim 5 wherein said step 
of storing said slope comprises the step of combining 
said elevation difference with one of said road pro?les. 

7. Apparatus for measuring road surface pro?le com 
prising a measurement vehicle adapted to be propelled 
over a road surface whose pro?le is to be measured and 
including a suspended mass, means positioned at spaced 
locations on said vehicle with respect to the direction of 
vehicle travel over the road surface for determining 
road surface pro?le as respective combined functions of 
acceleration perpendicularly of the road surface and 
distance to the road surface at each said locations, and 
means for measuring slope of said road surface between 
said pro?les‘ comprising 
means for measuring total acceleration of said vehicle 

in a direction extending between said vehicle loca 
tions parallel to said road surface, means for mea 
suring motion acceleration of said vehicle in said 
direction between said vehicle locations due to 
motion of said vehicle over said road surface, and 
means for determining slope of said road surface 
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10 
between said road pro?les as a function of a differ 
ence between said total acceleration and said mo 
tion acceleration. 

8. The apparatus set forth in claim 7 wherein said 
slope~measu1ing means further comprises means for 
determining absolute difference in elevation between 
said road pro?les as a function of said acceleration dif 
ference and distance between said vehicle locations 
measured parallel to said surface. 

9. The apparatus set forth in claim 8 further compris 
ing means for recording said road pro?les and said 
elevation difference as a function of distance along the 
road surface. 

10. The apparatus set forth in claim 9 wherein said 
pro?le-determining means are positioned at spaced lo 
cations laterally of direction of vehicle travel, said 
slope-measuring means measuring cross-slope of the 
road surface between said road pro?les. 

11. The apparatus set forth in claim 10 comprising a 
transverse accelerometer for measuring said total accel 
eration, a yaw rate transducer for measuring angular 
velocity of inclination laterally of said direction of 
travel, and means for determining said motion accelera 
tion as a function of yaw rate times vehicle velocity. 

12. The apparatus set forth in claim 9 wherein said 
pro?le-determining means are positioned at spaced 1o 
cations longitudinally of direction of vehicle travel, said 
slope-measuring means measuring grade of the road 
surface between said road pro?les. 

13. The apparatus set forth in claim 12 comprising a 
longitudinal accelerometer for measuring said total 
acceleration, and means for determining said motion 
acceleration as a function of longitudinal velocity of 
said vehicle. 
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